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FOX POINT HURRICANE BARRTER
PROVIDENCE RIVER
RHODE ISLAKD

DESIGN MEMORANDUM NO. 11

COOLING WATER CANAL

A. GENERAL

1. Purpose. - The purpose of this memorsndum is to describe the
design criteris end operational and site consgiderations that
egteblished the basis of design for the Cooling Water Canal which
ig an integrel feabure of the Fox Point Hurricane Barrier on the
Providence River in Providence, Rhode Island. This complete memo-
randum ineludes sections on geology, soils, canal hydraulics and
structural design. The cooling water intake canal with 1is asso~
clated structures will service two major electrical generating
stations which are situated immediately upstream of the Fox Point
Hurricane Bsrrier.

B. CANAL LOCATION AND DESCRIPTION

2. Locabion. = The cooling water canal will be locsted within the
Providence River along the westerly shore cammencing from the main
barrier pumping station on the south and preceding in a northerly
direction under the existing Polmt Streét Bridge and conblnuing to

a point above the South Street Station northerly intake whence it
returns into the west shore bulkhead. The location of the cooling
water canal with respect to the other yiver components of the berrier
iz indicated on Plate No. 1l-l.

3. Description. - The cocling water intake canal will be formed
within the Providence River by tThe insbtallation of a canal wall
consisting of vertical and battered steel H-pliling with creosoted
timber panel inserts. The harbor cooling water intake gates will
be located within the westerly end of the barrier pumping station.
Two sete of four flap gates each will be located in the canal wall
south of the Point Street Bridge. Two dlacharge flume extensions
will be pirovided for the Marnchester Street genersting station and
one discharge flume extension will be provided for the South Street
generating station to pass hot discharge water through the cooling
water canal into the Providence River upstream of the barrier. The
aligmment of the dooling water canal and location of appurtenances
are shown on Plate Nos. 11-2 and 1l-3.



C. FUNCTION OF THE COOLING WATER CANAL

4. QGeneral. - The Narragansett Electric Company operates two power
generating stetions which are located along the west bank of the
Providence River. Both the Manchester Street and South Street gener-
ating stations are located upstream (north) of the proposed locabion
of the Fox Point Hurricane Barrier. Both of these power stabtions

are of the steam generating type thet rely on the drawing of conden-
ser cooling wabter from the Providence River. Tests were made on the
existing Narragansett Bay model located at the Waterways Fxperiment
Station &t Vicksburg, Mississippi{Inberim Report 3, Septembex 1959)
and the results indicate that the barrier, when completed, would
effect a reduced vertical circulation which would result in an
incresse in the average water temperature in the area upstresm of

the hurricane barrier of 3.0 to 3.5 degrees. Furthermore, the tests
of the cooling weber canal scheme designated as Plan 3 (Interim
Report 4 September 1959) indicate that all detrimental effects of
the Fox Point Hurricane Barrier on the ceooling weber temperature
would be eliminated by this plan. The results of the model test
indicate that the average temperature at the Manchester Street
Station would be significantly lower than that for existing condi-
tions and the average temperature &t the South Street Station intakes
would be no higher than those based on existing conditions. The design
of the cooling waber canal as proposed is substantially the Plan 3
scheme except for the location of the gated opening in the barrier
which is plamned west of the model location. The cooling water canal
as shown on Plate 11-1, will provide the necessary cooling water from
downstream of the barrier &t a meximum rate of 1,000 cfs.

D. GEOLOGY

5. General. - The eooling water canal lies within the northern end
of the Providence River estuary and the genersl geology of this ares
is described fully in Design Memorandwn No. 1, "Site Geology". It

is significant to note, however, that both the bedrock and glaecial
ti1l stratum rise in elevation proceeding in an upstream direction
from the barrier location. The thickness of the glacial till deposit
also increases proceeding in-a northerly direction. These factors
influence the design of the cooling wabter canal wall which is gener-
ally oriented in a north=south direction. See Plate No. 1li-1.

E. SUBSURFACE - INVESTIGATIONS

6. Qeneral. - A comprehensive program of field subsurface investi-
gations was undertaken tc obtain the deba reguired for the founda~-
tion design of the cooling water cansl well and discharge flume
extensions. These investigations ineluded soundings of the existing
river bottom, borings from which disturbed (drive) samples and undis-
turbed (tube) semples were obtained, and bar probings to obtaein



penetration data at interveals between the borings to permit better
delineation of stratification between borings. Bedrock investi-
gations were not made slong the site of the cooling cansl wall;
however, a discussion of bedrock conditions mey be found in Design
Memorandum No. 1, "Site Geology”.

a. An anglysis and interpretetion of the field data from the
borings and soundings was conducted and in econjunchtion with tThe labor-
story test date, resulted in the establishment of the soil properties
of the various soil strata encountered. These properties were neces-
sary for the design of the cooling water canal wall and were imporxrtant
in establishing the recommended construction procedures.

T. Subsurface Explorations. - Subsurface explorations were conduc~
ted to obtain soil samples and data concerning the subsurface soil
conditions pertinent to the design and comstruction of the cooling
canal wall and its appurtenaences. These explorations constituted a
part of the overall progrem of field investigations for the Fox
Point Hurricane Barrier Project. Initially four borings were wmade
along the canal well location from which disturbed (drive) semples
were obtained. These borings were taeken into the glacial till.
Subsequently, three additional borings were drilled along the canal
wall location, from which undisturbed thin-wall tube semples were
teken of the upper strata of organic and inorgenic silt. These
borings were shallower in depth than those previously taken. In
addition to the borings described .above, three borings were teken
directly in front of both the Manchesber Street Station intake and
the South Street Station south intake. Undisburbed thin-wall tube
samples were recovered in order to determine the properties of the
upper stratum of the loose organie silts immediately in front of

the intske structures. Two lines of bar probings were also driven
in the Providence River, with probings spaced on approximately 100~
foot centers along these lines. The infer line of probings extended
along the existing west bank bulkhead for the length of the proposed
cooling webter canal, as close as practicable to the bulkhead wall
structure. The ouber line of probings was teken along a line spprox-
imately 75 feet from and parallel to the west shore bulkhead along

" the length of the cooling waber canzl. Igolated probings were also
taken on the south side of each of the piers of the existing Point
Street Bridge. Soundings were taken to develop contours of the top
of the sofft river botitom sediments. Flabe Nos. 11-2 and 11-3 show
the locations of those foundation test borings and foundstion probes
that apply to the cooling waber cansl. The log profiles of the bor-
ings and probes along the cooling canel are shown on Plate No. 1l-4.

8. Purpose of Explorations.. “The exploration progrem was developed
to investigate the subsurface soil strata in the aree of the cooling
water cansal to:




a. Furnigh sufficient data for the preperstion of the gener-
aglized soil profiles showing the type, thickness, extent and
distribution of the subsurface soils as reguired for design and
construction purposes.

b, Obtain undisturbed tube semples end disturbed drive samples
for classification, examinastion and lsboratory testing as required to
determine the physical characteristics for design and construction
purposes.

9. Procedure. - The foundation test borings were made utilizing
3-1/2-inch and 4-1/2-inch pipe casing. Drive samples were tsken
employing 2-inch and 2-1/2-inch inside diameter solid sampling
spoons 5 feet long that were driven by a 300-pound or 350-pound
hammer falling approximately 18 inches. In generel, the smailer
sampling spoon was used when relstively dense material was encoun-
tered. The muber of hammer blows required to advance the sampling
spoon each foot were recorded on the logs. After each drive, the
sampling spoon was withdrswn from the bore hole and the soll semple
removed. Each ssmple was examined by the field inspector, who
assigned visusl Ffield classifications in accordance with the Unified
Soil Clessification System. Representative specimens were placed in
Jars which were then sesled with wex to preserve natural moisture
contents which were determined in the laboratory. Undisturbed tube
samples were cbteined by the use of a 3-~inch inside dismeter thin-
wall tube sampler. The tube was positioned at the sampling depth
after cleanout and then hydraulicelly pressed into the underlying
s01l %o secure the undisturbed sample. The tube and sample were
then retrieved fyom the bore hole and the tube was immediately
sealed with wex to preserve the sgoil specimen in as close to natural
conditions as possible for shipment end subsequent laborstory testing.

10. Laboratory Testing. - The drive samples and undisturbed tube
samples were visually classified at the New England Division solls
laborstory in asccordsnce with the Unified Soil (Qassificgtlion System,
and the field classifications assigned initially by the field inspec-
tor were modified as necessary. Greain size analyses and Atterberg
Linits were determined for representsative samples to sugment the
visual field classificetions. Specific gravity and naturel water
content determinations were made of samples selected from the prin-
cipal soll types. Unconfined compression tests and trisxial com-
pression tests were performed on the cohesive and plastic soil
samples. The necessary identification, characteristics, moisture
contents, in situ densities and void ratios and specific gravities
were determined for the cchesive and plastic soils used in the shesr
tests.




11l. Characteristies of Soil Strata. - There are three mgjor soil
deposits to be considered within the river in the design and con-
struction of the cooling water cansl. West of the existing bulkhead
an additional layer is involved. These are as follows:

a. A surface layer of very soft organic silt (OH) of recent
origin.

b. A deposit of alluvial materials consisting of silty sands
(SM and SP-SM) and sandy gravels (GP-CM) which generslly overlie and
occasionally interbed with a deposit of stratified or laminated sandy
inorganie silt (ML).

¢. A heterogeneous deposit of compect silt, sand end gravel
conbaining cobbles and occasional boulders typical of the local
glacial till (SM~-GP-GM) deposits which overlie the bedrock.

d. Inbosrd of the west shore bulkhead, miscellanecus f£ill has
been deposited over the original wupper layer of organic silt.

12. River Bottom Sediments. - The river bottom sediments consist
generally of very soft to soft orgsnic silts of medium to high plas-
ticity (OL and OH) containing inclusions of thin discontimuous lenses
of sand and occasional gravel. In addition, pieces of coal and wood
fragments were found within the orgenic silt deposit, and & strong
odor of oil was noted from some samples. A considersble penetration
of this strzbum by the sampling device was experienced a8 a result
of just the weight of drill rods or the rods with the hammer resting
on them. The resistance to penetration inereased with depth and
hammer blow counts upon the sampling devices are recorded for the
lower levels of the deposit. The thickness of the organie silbs is
somewhat erratic along the length of the cooling cansl wall and also
varies transversely within the canal. Because of the frequent gran-
vlar inclusions, the exmet vertical delineation of this deposit by
penetration resistance alone is not considered reliable and the use
of contimious sampling procedures at the boring locations provided
the most accurate data. '

13. Uppermost lLeyer of Orgenic Silts. - The. extreme softness and
sensitivity of the uppermost layer of the organic silt deposit mede
it virtually impossible in some instances to cbtain any thimrall
tube samples. PFurthermore, some of the undisturbed semples that
were recovered proved upon extiusion t¢ be of such a nature that

it was not possible to perform tests on them to establish shear
strengths. ILaboratory enslysis indiestes that the natural water
contents of the organic silt ranges between 50 percent and 300 per-
cent. Liquid limits generally veried from 65 to 120, and plasticity
indices ranged from 30 to 60. Three samples tested indicated liguid




limits of about 160 and plastieity indices sbout 110. Debermin-
ations of specific gravity of the orgenic silts varied between
1.99 and 2.67. In situ dry densities reported by the leboratory
varied from 4l to 79 pounds per cubic foot, Unconfined compres-
gion strengths were reported to range bebween 0.06 and 0.47 ton
per squere foob. The organic conbent of the organie silt deposit
was found %o vary from 5 percent to 16 percent.

14, Underlying Silt Layers. - The alluvigl deposits consist pri-
marily of loose to medium compact,slightly plastic sandy inorganic
silts (ML). In éome samples, layers of silt slternated with layers
of sand and sandy silts, and were reported as being laminated. The
maximm thickness of sandy silts encountered in the borings was in
the order of 35 feet. However, at several boring locations, layers
of silty sands (SM and SP-SM) snd sendy gravels (GP-GM) were found
within the sandy silts, and at one boring the sandy silts were not
reported within the salluvigl deposits by the driller. The thick-
ness of the alluvial deposits vary from 15 feet to 35 feet. Labor-
atory analysis of the sandy inorgenic silts indicetes a liguid limit
of 27 and a plasticity index of 7. The dry density of the sandy
5ilts was determined to be approximately 97 pounds per cubic foob.
Natural wabter contents were observed to very from 21 to 32 percent
and sveraged sbout 27 percent. One series of constant stress con-
solidatéd-drained triaxial compression tests were performed on the
undisturbed samples of the sandy silts. The resulting Mohr strength
envelope indicated a cohesion of 0,23 ton per sguare foot and an
angle of internal friction of 39.5 degrees for this soll. The
latter value is considered to be too high for a representative eval-
ustion of the entire deposit. Shear tests were not performed on
the cohesionless sends and gravels found in the general ailuviel
deposit. Nabursel water conbtents for these coarser-grained meter-
ials were weported to be approximeiely 10 percent.

15. Glaeisl Till. - The glaecisl til1l was encountered below the
alluvial deposits. This materisl was deseribed by the driller as
consigting of a campact to very compact gravelly silty sand (SM)
and a silty sand gravel (GM). Cobbles and boulders were also
reported within the t1ill deposit. The glaecial till was encoun-
tered zlong the line of cangl wall borings at elevations ranging
between mirms 47.0 m.g.1l. and winue TL.0 m.s.1l. No leboratory
snalysis wes made of the drive samples recovered from this meter-~
ial. The results of the leboratory sunalysis performed on the soil
samples axe shown on Plate Nos. 11-32, 11-33 and 11-3h.




F. DESIGN OF COOLING WATER CANAL

16. Genersl. - The design of the cooling water cansl is based on
numerous considerations. The more important of these considera-
tions aye the operationel requirements of the Nerrsgansett Electrie
Company, the nature and condition of the west shore bulkhead, the
rrotection of the cooling condensers against the corrosive river
sediments, and the effects of and protection against the scour of
the canal hottom, and the prevention of boiling of bottom sediments
resulting from differential hesds on the canal wall.

17. Head losses. - The design of the cooling water canal further
consldered keeping the head losses at a practical minimum. The
Narragensett Electrie Company has expressed the attitude that the
design of the canal should not create substantisl increases in
pumping heads for their cooling condenser system. For a fubture
flow of 1,000 ¢fs assuming all future flow increases cecurring at
the South Street Station, the head loss from the harbor st minus

6.0 m.s.L. to the most distant intake at South Street Station would
be about 0.6 foot. Since a low tide of mimus 5.5 m.s.l. oceurs only
once in about L0 years, the lowering of the water surface 1s not
critical and is not expected to induee cavitation or air entrainment
in the cooling waber pumps. Although pumping heads would be some-
what higher than exist presently, a certaln smount of head loss is
unavoidable., However, the losses resulting from the proposed canal
sections are considered reasonsble.

18. Treatment of Canal Bottom. -

8. Existing Conditions. - The existing section of the pro-
Jected cooling water canal is very irregular. Portions of the
bottom mast be excavated in order to provide the necessary cross-
section for hydraulic flow requirements. The exigting botitom
consists of an organic silt, the top layer of whidh 1s very loose.
The exdsting river wall forming the west bank of the canal 1s geher-
ally of olid stone masonry construction. In certain locations where
operations of the Narrsgansett Electrie Company have necessitated,
this weall has been rebulli. Construction details and foundation
elevations for the originsel stone masonry well are not available.
However, similar walls demolished for nearby expressway construction
were observed to have been founded on granite slabs, supported on
single wood piling centered under the slab. At other locations the
wall is believed to be founded on timber mats.

b. Recommended Treatment. - Consideration was given to estab-
lishing a fiow veloclty which would not scour the orgsnic silt either
in its floceculent form or when excavated to firmer depbhs. Dr. Tppen
of Massachusetts Imstitute of Techmnology, who is an expexrt in this




field, expressed the opinion that for the project conditions it
would not be possible to select a critiecal scour velocity, either
from study of many articles that have been written on the subject
or the testing of undisturbed samples in & model flume or by field
observations of currents and existing river bottom. It was his
recommendation that the loose top material be removed and the pro-
tective sand layer he placed on top.

(1) At = recent session of the Tidal Hydraulics Board
it was estimabted that a safe eroding veloeity for the firmer under-
lying silt would be in the order of 0.55 foot per second. The
attaimment of such a velocity would necessitate widening the canal,
thereby lengthening the discharge flume extensions and utility
extensions end by such, adding considerably to the construetion
costs. Also, there exist several areas of high localized velocl-
ties that could not be eliminated due to space and area limitations.
In view of these considerations, the sttaimment of such a low criti-
cal veloclity is considered imprecticel if not actually impossible.

(2) Accordingly, it was decided to line the entire cool-
ing weter cansl with a sand blanket in addition to the more extensive
trestment required at those areas of high velocities.

19. Excavation of Canal Bottom. - For hydrsulic considerations,
hereinafier described, maximum elevations for the canal widths
utilized were established to insure velocities sufficiently low to
preclude scour of a sand and gravel blanket. Accordingly, the
excavation of the existing river bottom mabterial was Influenced by
these elevations. The stability of the west shore bulkhead depends
to some degree upon the presence of the existing sef@iments in front
of the bulkhead. Excessive excavation in front of the bulkhead must
be avoided if stability i1s to be assured. To determine the minimmm
required dredge line, the following criteria was utilized:

8. The depbth of the very soft orgenle silts Immediately in

. front of the bulkhead established the minimum required depth of
excavation along the bulkhead. This delineation between the very
soft sediments and the firmer (more consolideted) or more granuler
organic silt was based on the depth to which this deposit was pene-
trated by the sempling device or probe without eny driving effort.
The Contractor will, however, be required to verify in the field the
bottom elevation of all existing west shore bulkhead construction
prior to the dredging operation..

b. A line with a slo_pe ‘of;_ 2 horizonbtal to one vertical was
projected from this point slong the bulkhead into the csnal until
it intersected with the horizontal surface of the proposed cenal
bottom. Total excavation of the organie silt within the canal is
unwarranted and unnecessary. The minimmm depth of excavation is



governed by hydraulic considerations and based on & minimum thick-
ness of the select granlsr refill of 2 feet. The maximum depth of
the required dredging is based on the dead weight penetration of the
sampler or probe rod. This depth is considered as representing those
sediments that are too soft to support the gramler refill. TUpon
exposure of a surface ceapable of supporting the refill, gramler
meterial will be placed to elevations indicsted for the finish sec-
tions for the hydrauwlic profile snd then continued on the slope to
the existing bulkhead.

20. Lining of Canal Bottom. -

a. Materiasl. - The botitom of the cooling water canal, with
the possible exception of areas where the existing excavated bofttom
is found to be of suitable sand, will be lined with coarse sand.
Coarse sand is generally considered safe sgainst scour for veloelties
of aboubt 2 feet per second. Since much of the sand bottom is on a
2 to one slope, it will scour more readily than a flat bottom. The
sand lining is also required to prevent the boiling up of mmd into
the canal due to seepage resulting from differentisl head on the
canal wall. Constrictions and bends producing an increase in
veloelty meke & higher factor of safety ageinst scour desirsble.
Accordingly, coarse grevel which is safe sgainst scour for veloeci-
ties of about L feet per second, will be provided for those regions
of expected higher velocities.

b. Placement of Material. - The placement of the granular
refill will be accomplished in any one area of the canal Immed-
iately after dredging to the required elevastions. The method of
placement has been discussed with numeroius marine contractors and
will probebly be deposited by the use of eclamshell buckets or simi-
lar equipment. TFor sections through the cooling waber cansl, see
Plgte Nos. 11-12 throwgh 11-17. ‘

21.. Stebility of West Shore Bulkhead. -

a. Soll Properties. - An investigation was made with regard
to the stability of the west shore bulkhesd. The soil properties,
upon which the stability anslyses were based, are presented in the
following table.” The values of cohesion and the angle of lnternal
friction for the organic deposits in back of the existing west
shore bulkhead were egteblished by investigeting the stability of
the existing bulkheaed based on a factor of safety in the order of
unity. '




Angle of
Dry Buoyed Cohesion, Internal

- Unit Weight Unit Weight ¢ Friction
Soil Deposit Lbs./Cu.Ft. Ibs./Cu.Ft. Lbs./Sq.Ft.
Orgenic Silt
Upper layer
(river) - 20 0 0
Lower layer
(river) ~— 30 600 0
Back of bulk-
head (shore) -- 35 1,000 15°
Sand. and gravel
blanket 90 55 0 30°
Fill (back of
bulkhesd ) 85 50 0 30°

(1) The soil properties tabulated sbove for the upper snd
lower layers of the organic silit deposit in the river were obtained
from the inbterpretation of the results of the laboratory testing
program. No velue of cohesion was assigned to the very soft upper
layer of organic silt inasmuch as cbservabtion of the soil recovered
and subsequent attempts to test it Indicated that its shear strength
characteristies were of a very low order. The use of a higher value
of cohesion and the assigmment of a low value of internal frietion
angle for the organic silt behind the existing bulkhead was based
on the faet that this materisl was considered to have been consol-
idated under the weight of the overlying surface layer of miscellg-
neoug fill material and were based on the results of stabllity
checks upon existing sections.

b. Exsting Stabllity. - Steblility anslyses were made upon
several sections of the existing west shore bulkhead, and the
factor of safety against a circular sllding failure was computed
using the values of cohesion and internal frietion tebulated ahove.
The following factors of safety were indiecated:

“Gritical Factor of Sefety

Section Station for Circular Sliding Faillure
L 2402 . ' : 1.02
11 5+58 1.15
15 7+38 1.08
20 9+76 1.30
25 - 11+97 1.03
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These compubations of the stabllity of the existing bulkhesd condi-
tions were based upon a river level of elevation 3.0 m.s.l. and the
801l behind the bulkhead being moist between elevation minus 3.0
m.s.1l. and elevation plus 3.0 m.s.l. Above the latter level, the
so0il behind the bulkhead was considered to be damp.

c. Stability after Dredging. - A series of Trlal ares was
utilized to determine the most criticael condition of atebility.
The results of these trisls indicgted that the minimm factor of
safety would exist when the canal ares is Gredged to its meximum
depth coincident with a low tide at elevation minus 5.0 m.s.l. and
with the soll conslidered to be moist behind the bulkhead to a high
tide of elevation 3.0 m.s.l. Further investigations indicated thei
the eritical cylindrical surface occurs within the organic silt
deposit with & tangency occurring along the lower boundsry of the
loose upper portion of the organic silt deposit. This delineation
between the soft and firmer organic silt mabterial was based on the
boring and probing resistance to penetration data. At some loce~
tions, mumerous existing timber piles oceur at various distances
from the bulkhead within the river; however, since no data is aveil-
able as to the tip elevations of these piles, they were not consid-
ered as conbributing to the stability of the bulkhead. It ig very
likely, however, that these piles were driven to derive thelir supe
port in the denser materials at lower elevations and would provide
gdded resistence against a c¢ylindrical slide failure. The results
of the slip cirele analyses for typleal loesbtlons along the bulkhead
are shown on Flate No. 11-30 and the factors of safety sgainst s
rotative failure during construction range within nsrrow limits in
the order of unity. Upon campletion of the refill operation the
stability is improved considersbly. Since the eriticel condition
of low tide is of periodie short duration and allowing for the
presence of the existing timber piles which undoubtedly contribute
to the stability, the proposed dredging and refill operabions are
considered feasible. The Contractor will be required to accomplish
this phase of the work in moderate increments, in order not to unduly
Jeopardize long lengths of the existing bulkhead at any one Time.

22. Protection egainst Intake of Organic Silt. - An important
consideration in the design of the cocling water cenal is to prevent
the organiec silt from any river bottom disturbance from entering the
condenser cooling waber system. The orgemic silit which presently
exists on the bottom of the Providence River and which may be depos-
ited in the future is and will be in the process of anserobic decom-
position producing corrosive hydrogen sulfide gas. If the organie
811t is picked up by the cooling waler, it mey demege the condenser
tubes. The construction of the cooling water canal will be com-
Pleted as the first item in the construction of the Fox Point Hurri-
cane Barrier. During the construction of the cooling water canal,
separate sections of the canel will be isolated by sheet pille




diasphragms and dredging will be carried out within these enclosures
without terminating the supply of cooling water. In spite of these
protective measures, it is expected that there will be minor amounts
of organic silt released Intc the cooling water from the driving of
sheet piling and from the dredging operation, particulariy ia the
immediste vicinity of the intake screen houses where prolonged inter-
ruption of gervice is not possible. Also, periodic deposition of
organic siit is to be expected in times of high tide and low water
use and subsequent scour in times of ilow tide and high waber use.
However, such entraimment of organic silt will be minor and much
less than exists presently.

23. Design at Submarine Cable Crossing and at Point Street Bridge. -

a. Data on Cables. - The Nerragansett Electric Company is
very mach concerned about possible disturbances to their 115,000-
volt submarine cables located just north of Point Street Bridge.
They have gone on record in writing stating "It is vitel that the
cables be not disturbed in any way.". There are eight cables at
about elevation minus 9.5 m.s8.l. with a rather shellow mud cover
in the region between the west abutment and the first bridge pier.
In the ares lining wp with the first and second piers from the west
shore, the cables slope down to ghout elevation minus 33.0 m.s.l.
Both the locations and elevabtions of these cables are known only
approximately and it is not known how much slack, if any, presently
exists. 1In the event the cocling water canal was to be located
between the west abubment and the second bridge pier from the wesd
abutment, serious disturbances to the cables would oceur. Replac-
ing a short section of cables and splicing them at the canal is not
possible because of resulting interrupiion of service and the nature
of the cables which are oil-filled. The mske-up of these cables is
as follows:

0.5 inch hollow core
1,000,000 CM copper
0.48 inch peper
0.149 inch lead
Type JWJ #+ BWG gelvanized wire asrmor
Jute ocuter wraepping
Approximate outside diameter -
3 to 3-1/b4 inches.

b. Alternste Schemes for Protection. - Supporting the exdst-
ing cebles and excavation asround them is possible but at consider-
able risk of disturbsnce. Replacing the cables all the way across
the river is not justified economically since the replacement cost
has been estimated at approximetely $300,000. An alternative study
of replacing these cables by an overhead transmission line proved
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to be unsatisfactory from an operational and economic standpoint.
The most practical solution is to relocate the cooling water cenal
into the section of the river where the cables are sufficiently
deep and would not be disturbed by canal construction.

¢. Bridge Piers. - The first two bridge viers adjacent to the
west sbutment are rather shallow and if either one was located with-
in the cooling waber canal, about 15 feet of excavabion around the
piers would be required. Sheet pile protection all the way around
the existing piers would be necessary. The third pier is much
deeper and it is possible to excavate to elevation minus 20.0 m.s.l.
around it without sheet piles. Because of extremely limited over- -
head clearance under the bridge, driving of sheet piles for protec-
tion of existing piers would be very difficult between the abutment
and the third pier. Between the third pier and the swing spen plex,
piling can be readily driven since the swing span can be opened for
driving of sheet or other plles by special arrangement with the City
of Providence.

2, Study of Alternabe Cansl Locabions. - Several schemes for
location of the cooling weter canal in order to avoid damage to
the submarine cebles were considered. They were:

Scheme A - Canal between first and third plers.
Scheme B - Canal between second and swing span piers.
Scheme ¢ - Canal bebtween third and swing spsn plers.

One of the important considerations in evalusting the alternate
locations is encroachment on existing river flow area by the canal
construction. For the design pump flow of 7,000 cfs at elevation
minus 3.0 m.8.1. based on a flow with existing river bottom, the
aversge veloecities under Point Street Bridge would be approximately
as follows: Present conditions, 1.9 feet per second; Scheme A,

1.9 feet per second; Scheme B, 2.1 feet per second; and Scheme C,
2.5 feet per second. For the standard project flood of 24,000 cfs
gt elevation 0.0 m.s.l. and with the aversge river bottom seoured

5 feet by flood flow, the aversge velocities under Point Street
Bridge would be approj:imately as follows: Present conditions, 3.4
feet per second; Scheme A, 3.6 feet per second; Scheme B, 4.0 feet
- per second; and Scheme C, 4.8 feet per second. Scheme A, with the
canal between the first and third piers, requires surrounding the
second pier with sheet piles, comes clogest to the submarine cables
and resulte in a rather irregulsr chaennel. Even though Scheme A
requires somewhat shorter length of canal wslls and creates some-
what less obstruction to the river flow than Scheme B, it was not
recommended. Scheme C, with the canel between third esnd swing span
piers, reduces the existing cross-sectional area of the river appre-
cigbly. The head losses through the constriction, amounting to less
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than 0.1 foot during pumping operations and about 0.2 foot for
standard project flood, are relatively minor. However, high
velocities would scour the river bottom through the constriction
and mey endanger the existing bridge piers, particulsrly the three
on the east side of the river and, therefore, should be avoided.
The velocities under Point Street Bridge would be increased by about
40O percent over the present conditions for Scheme C. Even though
Scheme C regquires no special protection to existing piers other
than the cansl walls and results in the most regular channel for
cooling water canal, it restricts the river chamnnel appreciably
and was, therefore, not recommended.

25. B8elected Canal Location. - Scheme B, with the cansl located
between the second and swing span piers, presents the best solu-
tion as it affords the least river channel restriction possible
without the necessity of overexcavating at the piers. Surrounding
the third pier with sheet piles would not be required. For pro-
tezetion egainst scour, riprap would be placed around the pier,
sloping down from the elevation of the existing riprap adjecent

to the pler to elevation minus 20 m.s.l. at the bottom of the
canal. Scheme B minimizes any disturbance of the submerine cables,
does not obstruct the river ares appreciably, provides a reasonebly
smooth canal, does not require extensive protection of existing
bridge plers and does not reguire excessive length of canal walls.

26. Deflector Wall. - Since no dredging is. contemplated in the
vicinity of the submarine cables where they occur at higher eleve-
tions, especially the area immediately adjscent to the Point Street
Bridge, a flow deflector wall is reduired aslong the south side of
Point Street Bridge from the west gbutment to the second pier in
order to chamnelize the cooling water flow in the lined portion of
the cansl. This wall is also recomended to protect the No. 1 and
No. 2 piers sgainst scour inasmuch as the tops of these pile caps
are at élevation minus 7.65 m.s.l.

G. SEQUENCE OF CONSTRUCTION

27. Genersal. - A comprehemsive study of the overall sequence of
construction of the Fox Point Hurricane Barrier was made with
regard to the operational requirements of the Narragansett Electric
Compeny. Since the operstion of the Manchester Street and South
Street generating stations 1A dependent upon a continumous supply
of clean cooling water, the installation of the cooling water
canal wall with its asgsociated dredging and refill end the comple-
tion of the three discharge flume extensions will be required as
the first order of construction. This procedure further requires
that the west sbutment (river section) be constructed after com-
pletion of the mein berrier pumping stetion which will house the
Permanent ecoling water intake openings. To accomplish this a
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temporary opening between the pumping station and west shore bulk-
head in the vieinity of the bresker house must be provided to allow
passage of cooling water during the construction phases of the
several componertz of the main river barrier. The west side of the
cofferdam installation for the barrier pumping station can serve
the duel function of acting as a portion of the cooling water cansal
temporary downstream extensilon.

H. HYDRAULICS

28. @eneral. - The hydraulic design of the cooling water canel is

in many respects very closely related with the hydraulic design
considerasbions of the main river barrier. The proposed schedule

of operation of the barrier gates and the pumping stabtion is inte-
grelly related wilith the operation of the coollng water canal. For
more detailed information on "Hydrology" and "Hurricane Tidal
Hydraulics" reference should be made to Design Memorandum No. 2

and Design Memorandum No. 4 respectively. Basic criteris and other
data pertinent to the desgign of the cooling waler canal are presented
herein.

29. Aveilshle Data. - The following tide deia was compiled from
records of the U. S. Weather Bureau, the City of Providence,
Department of Public Works and date furnished by the Narragansett
Electrie Compeny.

a. High Tides. - I iz estimated from tide records, October
1885 to September 1938 and September 1956 to June 1958, that the
frequency of high tides in the vieinity of the cooling waber cansl
is as follows:

Frequency Klevaiion m.s.l.
Once per week +3.5
Onece per month +He, 2
Once per year +5.2
Once in 10 years +6.2

b. Low Tides. - It is estimated from tide records, 1885 %o
1923 end. September 1956 to June 1958, that the frequency of low
tides in the vieinity of the cooling water cenal is as follows:

Frequency Flevation m.s.l1.
Cnce per week -2.9
Once per month =35
Onece per year ~b.6
Once in 10 years -5.5
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30. Cooling Water Fiow Retes. - The following cooling water flow
rates were esteblished as a result of conferences with the Warra-
gansett Electric Company.

Location Pregent Fubture
Manchester Street Station 385 cfs 435 cfs
South Street Station 300 efs 340 efs
200 cfs 225 cfs

Total 885 cfs 1,000 ofs

3t. Operation Procedures. -« The barrier gates would normally be
open and all flow would go through them in the absence of a hurri-
cane. The head loss, except to exceptional storms, would be only
a few inches. For non-hurricane type. of floods the tides will not
be excessively high and the barrier gates will be left open. The
pumps mey be turned on, while the barrier gates are open, for
unusually large flows and relatively high tides. The cooling watexr
influent gates from the harbor would normelly be completely open
and the cooling water would enter from the harbor downstream of
the barrier for the conditions described sbove. When the danger
of a hurricane becomes imminent, the barrier gates would be closed,
according to operating procedures to be established later, and the
basin level behind the barrier would be msintsined as nearly as
practiceble at elevation 0.0 m.8.1. Whenever the barrier gates
were closed in anticipation of and during hurricanes, abtendance
of the cooling water inteke gates from the harbor will be neces-
sary. For low head differentials between the harbor level and the
river level, the intake sluice gates could remain open and the
cooling water discharge would be in turn discharged through the
barrier pumps. For high herbor levels with respect to the river,
the intake gates would be throttled sufficiently to produce a level
within the canal below the maximum design differential of 2 feet
between the canal level and the river level.

32. Relilei (Gates. ~ In the event that the intske gates Lfrom the
harbor were not sufficlently throttled and inflows in excess of
the usage (1,000 cubie feet per second) resulted, the water level
within the canal would bulld up. This would result not only in
large differentisls of head egainst the canal well bubt slso in
excessive canal velocitles. In the event that the intake gabes
were over-throttled, the level in the canal wonld drop excessively,
producing high canal velocities, a high differentisl hesd on the
canal wall, and low subwergence of the cooling water pumps. To
preclude such occurrences, relief gates in the canal wall are
required. Furthermore, whenever the barrier gates were closed
during a hurricane and the river flow became such thet three pumps
could not keep pace with the inflow, the cooling wabter intake gates
would be closed and cooling waber would be teken from the river
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through the relief gates. Because of the appreciable flow in the
river at this time (sbout 5,000 c¢fz) and because such & flow would
be of short duration, the possible adverse temperature and silting
effects would be.minor. The primery advantage of taking the cool-
ing waber from the river instead of the harbor would be that the
enmount of water being pumped into the haxrbor through the barrier
pumping station would be lessened by the quantity being used by the
cooling condenser system if supplied from downstream of the barrier.
In the event that the river inflow inereased further, so that all
five pumps would become necessary, this lessening of the quantity
being pumped would be extremely helpful in controlling the water
level in ‘the pool behind the barrier. Summerizing, gates from the
Providence River to the cooling weabter canal upstream of the barrier
are necessary to prevent excessive {differential head on the canal
wall in either direction and to a8llow the use of river water during
periods of high river inflow. '

33. Functioning of Relief Gates. - The relief gates will have
subomatic as well as manusl operation features. The reasons for
provision for manual operation are as follows:

a. To make repairs without interruption of cooling weter
service. Repalirs to the canal wall, existing bulkhead or intake
gate structures and excavetion of accumilabed sediment from the
canal bottom may become necegsary in the future. Repairs and
excavations could be made by isolating cansal sections by sheeting
and teking cooling water through either the river or harbor intake
gates or both.

b. Periodic manual operation as preventive maintenance to
insure proper automasbic operstion.

¢c. To avoid excessive head losses in the cooling waber cansl
for abnommally low tides, the gates from the river could be opsned.
However, since the head losses are smell, the gain would be minor.

The reassong for automstiec operation of the river influent gates are
as follows:

a. In the evenl that the differential head bebtween the canal
enclosure and the basin behind the barrier tends to become exces-
sive in either dlrection so that the cansl wall is endangered, the
river gates should open aubomatically, The opening should occur
gradually to avoid excessive velcocities which may scour the canal
bottom or result in a surge.
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b. The minimum elevation within the canal could become very
low in gbsence of the river gates since the water level within the
canal nay drop rapidly as the influent harbor gates are throttled.
To prevent air entreaimment of the cooling water pumps, the river
influent gates should open automstically.

34. Size, Type and Location of Relief (ates. -

a. BDize and Type. - Since relief gates to the cooling water
canal are essenbtlal, their size, number, type and location were
congidered next. Several types of gabtes were considered inecluding
tide gates, vertical 1ift sluice gates and shutter gates. Based on
cost and design consideratlons and operational requirements, the
simple hinge mounted tide or flap gate was selected as best suited
and most economical for the intended function. The advantages and
disadvantages of the various gate types were thoroughly discussed
with the Narragansett Electric Company and the final selection was
made with their full spproval. To accommodate the basic canal wall
construetion and to minimize the additional structurel framing
required for the gates, the individual gate opening size has been
selected as 6 feet wide by 12 feet high. Since the differential in
head can develop in éither direction, two sets of four gates each
providing a flow aréa of 288 square feet are tentatively planned to
be provided at a spacing of 10 feet on center. One set will operabe
to allow inflow into the cooling canal from the Providence River and
the other set will operate to allow discharge from the cooling cenal
into the Providence River. The flap gabtes will be designed such that
each set will open at a head differential of one foot. Lower oper-
ating heads are not recommended a8 the flap gates would be too
sensitive and could be actuated by wave action and result in con-
stant metering of flow. This would tend to defeat the basiec purpose
of the cooling water cahal. Based on the occurrence of low tides
and the design requirement that these flap gates be installed such
that the entire gate must be totally submerged under all operating
levels to assure proper operation for the design head differentisals,
the lower linkage of the flap gate is proposed to be set at eleva-
tion minus 5.0 m.s.)l. Discussions with gate manufacturers deemed
it inadvisable to set or exbend the hinges above low wabter. Special
fittings would be required for such & provision. The use of bronze
or stainless steel fittings should provide adequate corrosion resis-
tance. The gates would also be I1nclined to the vertical to assure
seating and to reduce the bucyant weight required to assure closure
below the operating head. TFor the lnfrequent menual operations, a
lifting eye hook with a short piece of stainless steel cable extended
and secured above tide levels will be provided. The flap gates as
schematically proposed 'on Plate No. 11-10 are shown to be of timber
construction. The final design of the relief gates to satisfy the
one foot head operating.differentisl will be based on the results
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of model tests. The amount of gate opening will be a function of
head differential and the flow will depend on the size of opening
that will develop around the sides of the gates. A one foot head
of differential will produce a flow veloeity of asbout 8 feet per
second. Higher head differentials will produce higher veloeities,
although some head will be lost in "pushing” the gate open. It is
virtually impossible 1o caleulsbe a precise rating curve for the
operation of these flap gates. The use of model testing will permit
the establishment of the flow characteristics to satilisfy the design
heads and flowe and may result 1n some change in the sizZe or number
of gates and final choice of construction msterial for the relief
gates. -

b. Location. - The two sets of four gates each will be
located along & straight tangent section of the cooling canal
wall between the Manchester Street and Scuth Street station
intekes, south of the Point Street Bridge, as shown on Plate No.
11-10. 'This location between the two generating stations would
limit the flow north of the Manchester Street intake Lo #bout half
of the total flow at a1l times. This iz extremely helpfuwl in limit-
ing the regquired flow ares under the Polnt Street Brldge where
expensive underpinning or other probective measure might otherwlse
be required for greater flow requirements. Preference for this
location for the getes was also expressed by the Narragasnsett
Electric Compeny because of sewage overflow discharge from the
Elm Street sewer in the viecinity of the South Street Station.

35. Summsry of Velocitieg., =

8. Assumptions. -

(1) Tide level; elevation minus 6.0 m.s.l. (elevations
within the censl renge from minus 6.3 m.s.l. to minus 6.6 nm.s.1.
due to hydraulic losses).

(2) Future flows; Manchester Street 435 cfs, South
Street 340 efs and 225 efs.

(3) Side slope is a 2 on 1 with & veriable elevation
at existing bulkhead.

b. Summery. - For locations of sectioms, see Plate Nos. 11-2

and 1ll-3. For detaills of sections, see Plate Nos. 11-12 through
11”160
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Minimum

Botton
Flow Elevation Flow Area Velocity
Section Stetion cfs m.s.1, ££2 £t./sec.
Inteke bey - 1,000 -18.0 304 3.29
1 C+52 1,000 -25.0 1,269 0.79
2 1+02 1,000 -25.0 . 1,205 0.83
3 1+52 1,000 -25.0 1,127 0.8
4 2+02 1,000 -25.0 1,169 0.86
5 2451 1,000 -25.0 1,278 0.78
6 3+00 1,000 -25.0 1,095 0.91
Manchesgter
5t.8ta. - 435  -19.5@conc.pad 440 0.99
Intake bet. piles
7 3+48 565 ~25.0 889 0.64
8 3+98 565 ~25.0 979 0.58
9 hy53% 565 -25.0 78h% 0.72
10 hto8 565 -25.0 913 0.62
11 5+58%% 565 -25.0 626 0.90
12 5+08 . 565 -25.0 789 0.72
13 6+48 565 ~22.5 852 0.66
1k 6+95 565 -20.0 915 0.62
15 7+38 565 «20.0 1,266 0.45
16 T+82 565 ~20.0 1,540 0.37
17 8+28 565 -20,0 2,850 0.3L
18 8+77 565 =20.0 1,724 0.33
19 Q+26%¥* 565 -20.0 47 1.35
20 9+76 . . 565 «20.0 1,656 0.34
21 10422 565 -20.0 1,461 0.39
22 10+60 565 ~22.5 1,222 - 0.46
23 11400 565 ~-25.0 966 0.59
2l 11457 *¥%%% 565 -26.0 568 0.99
25 11497, . . 565 ~-28.0 910 0.62
26 12+47 565 -28.0 - 1,025 0.55
27 12+97 565 -28.0 1,122 0.50
South St.

Sta.So. -- 340  -25.5@conc.pad 1.0L

Intake 336@harvor line
28 13+47 225 «28.0 1,025 0.22
29 13+97 225 -28.0 o78 0.23
30 1ha4li7 225 -28.0 1,111 0.20

"South St.

Sta.No. “e— 225 «27.5@conc.pad 0.1

" Intake 3Lé@inteke ports

* Manchester St.Sta.-So.Discharge Flume

*¥% Point St. Bridge

FManchester St.Sta.-No.Discharge Flume *H¥¥South St.5t6a.~So.
.. .. Discharge Flume
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¢. Effect of Tidal Flows. - The maximum velocities expected
within the cooling wabter canal have heen summerized agbove. These
" velocities have been considered at the extreme low tide of eleva-
tion minus 6.0 m.s.l. and the maximm cooling water demand use of
1,000 cfs. Additional inflow is possible due to the effect of a
rising tide in filling the canal and resulting in a rising wabter
surface area within the cocling water canal. However, at the low-
est point of the low tide c¢ycle the water surface will be nearly
constant or else changing very slowly so that bthe tide effect
would be negligible. At higher tide levels the increase in depth
of flow will reduce the canal wvelocitiles below those compubted at
a 1,000 efs flow at elevation mims 6.0 m.s.l., in spite of some
increage in total flow due to the rising tide. The maximm flow
velocities under the discharge flumes, however, will be increased
by the effect of the rising tide whenever the bottom of a discharge
flume extension is submerged. It is estimated that for the 2.6
acres of the cooling water canal surface area, the normal rate of
rising tide of sbout one foot per hour will increasse the inflow by
approximately 32 cfs, a 2-Tfoct per hour rise occurring ghoult once
a year will increase the inflow by sbout 64 cfs, and a 4-foot per
hour rise occurring during an vnsusl hurricane tide condition will
increase the inflow by sbout 128 cfs. For the three constrictions
under the discherge flumes, the inereases in flow will be in pro-
portion to the surface area of the cooling wabter canal behind the
particular discharge flume exbengions, The following table summar-
izes the conditioms under the respective discharge flume extensions
as calenlated for the tide elevation of minus 6.0 m.s.l., and con-
stant tide level and for »ising tides with elevations which could
reange from about minus 4.5 m.s.l. to plus 5.0 m.s.l.

DISCEARGE FLUME EXTENSIONS

Rate of
Tide Menchester-South Manchester-North South 8t.-South
Rige Q A v Q A v Q A v

ft/hr. efs s.f. Pt/sec. cfe s.f. fit/sec. cfs s.f. ﬁ':[lsec.

565 TT1 0.73 565 558 1.01 565 538 1.05
580 867 0.68 587 558 1.05 570 559 1.03
613 867 0.71 609 558 1.09 575 559 1.04
661 867 0.76 653 558 1.17 585 559 1.05

FrokFo

36. Cooling Weter Cemal - Head Loss Computations. ~

B General. -~ The head loss compubabions for the cooling water
canal are hereinafter presented. These head losses have been cam-
puted for both the intske or sccess bay and the cooling canal proper.



b. Assumptions. -

(1) Tide level; elevation minus 6.0 m.s.l., about once
in 20 yesars.

(2) Flow; 1,000 cfs (565 efs to South Street Station).

c¢. Computations. -

Access Bay

Entrance loss:
Width = 26 feet. Imvert = -18. Flow depth = 11.76.
A = 26x11.76=306 feet®, V = 1,0004306=3.27 feet per sec.
V?/2g=0.17. K=0.50. H=0.50x.17=0.08.
En.Gr.= -6.00-.08= -6.08,
Hyd.Gr.= -6.08-.17= -6.25.
Approach Channel:

L}

W = 28 feet. A = 28x11.75=330 feet®.

v

Il

1,0004330=3.03 feet per sec. V&/py=0.1k.

Hy, = .03 (stop-log slots, entrance pier and friction).
En.Gr.= -6.08-.03= -6.11.

Hyd.Gr.= ~6.11-.1l4= -6.25

Gradugl contraction to gates:

W = 20 feet. A = 20x11.56=23L feet?.
¥ = 1,000+2314.33 feet per sec. V/,=0.29.
K = 00100 HL = 029}[-102-‘03- ‘

En.Gri = -6.11-.03= ~6.1%.

‘Eyﬂ.’Gr.

fl

~6.14.29= -6.143,
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Gradual expansion from gates:

W = 26 feet. A = 11.68 x 26 = 304 feet®.

1l

v

1,000 + 304 = 3.20 feet pexr sec. v2/28 = 0.17.
K = 0.05. Hp = .29 x .05 = .OL,
En.Gr. = -6.14% ~ .01 = -6.15.
Hyd.Gr. = -6.15 - .17 = -6.32.
Friction loss:
p=72.7. R=0418. Y3 =2.60. n=.013.
V= Eﬁﬁﬁﬁ 2/35%/2 . 3,09 = %6%% x 2.60 x sY/2,

S = .0001L3. He = 93 x .00013 = .0l.

EI].OG'ro = -6015 lad .Ol = "6016_0

Hyd.Gr. = -6.16 - .17 = ~6.33.

Exit loss;
V = 3.29 feet per sec. V2/2g = 0.17.
K = loOo HL = 9170 .

Bn.Gr. = -6.16 - .17 = =6.33.
Hyd.Gr. = -6.33 -~ .0l = -6.3%

Cooling Water Canal

Channel to Manchester Street Intake:

0.83 ft/sec. Vo/2g = .0L ft.

T min.

#

V mex. = 0.91 ft/sec. V+/pg = .02 ft.
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Friction loss:

P=9% R=11.75 R¥3=5.16 n=.025
vV = i53233/3sl/2 = 0.91 = %6%% x 5.16 x 8/ 2

S = .000009 He

"

250 x .000009 =.002 f£t.

]

Piles, turbulence at inteke and friction Hyp = .04 f£&.
En.Gr. = -6.33 - 0.4 = -6.37
Hyd.Gr. = =6.37 = 0.2 = =6.39

Manchester Street Intake to Manchester Street North Discharge:

]

Vmin. = 0.72 ft/sec. V¥/pg = .OL £%.

V max. = 1.0 fi/sec. V?/gg = .02 f£t.

Friebion loss:
P-147 R=3.82 ®/3=246 n-=.025
2
v=%§ﬁy%U2=Lo=%gm2A6x§J

1l

8

.00005 He = 247 x .00005 = .OL ft.

Piles, discharge flumes and friction Hp _ .03 Ft.
En.Gr. = -6.37 - .03 = -6,40

Hyd.Gr. = -6.40 - .02 = -6.h2

Manchester Street North Discharge to Point Street Bridge:

It

Vumin. = 0.3L ft/sec. V-/pg= .00L £t.

V mex. = 1.0 ft/sec. VZ/pg = .016 £%.

il

Pier, bends end friction Hy, = .03 Tt.
Fn.Gr. = -6.40 - .03 = -6.43
Hyd.Gr. = -6.43 - .02 = -6.45
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Under Point Street Bridge:

0.33 £t/sec. Vz/gg .001 £t.

il
R

V min.

-03 fto

0
H

V mex. = 1.35 £t/sec. v2/2g
Friction loss:
P-100 R=417 RY3=2.6 n=0.025

_ r.ho2/3a/2 _ L.h «l/2
v.-_ﬁ.ﬁR/s/ ..1.35-765%::2.6::81/

8 = .00008 Hp = 100 x .00008 = .01 £t.

Entrance loss = 0.5 x .03 = .02
Bxit loss =1.0x .03 = .03
Pier and bends = 04
Friction = ,01

Hy, = .10 ft.

En.Gr. = -6.43 - .10 = -6.53
Hyd.Gr. = ~6.53 - .03 = =6.56

Point Street Bridge to North Intake South Street Station:

i1

Vmin. = 0,20 V¥/pg = 0006 £t.

Vumex. = 0.84 V%/pg = .0L ft.
Friction loss:
P=77 R=8.8 R/3-14.3 n-=0.05

149 2/3.1/2 _1.49 1/2
V= ==2RT 8 = 0.84 = .Oasxll-.3x.5

S = .00001 He = 500 x .00001L = .01 £%.

Piles, bends, friction end turbulence at intekes Hy = .03
En.Gr. = ~6.53 - .03 = -6.56

Hyd.Gr. = ~6.56 - .02 = -6.58

Approximate drop in water surface = 0.60 ft.

0.35 ft. in the Access Bay

0.25 £t. in the Canal
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I. COOLING WATER CANAT, WALL - CONSTRUCTION TYPES

37. General. -~ Pricr to the preparastion of this design memorandum
& speclal study was mede of the various types of construction for
the well separsting the cocling water cansl from the Providence
River. This study endeavored to determine whether the wall should
be constructed of steel sheet piling, prestressed concrete sheet
piling, prestressed concrete cylindrical pipe piles, or of steel
H-plle soldier beams and timber penels. Also, a wall of complete-
ly timber construction was studied; however, due to the magnitude

of the design loads, this type of construetion was found to be
unfeasible. A summsry of the advanteges and disadvantages of the
several feasible types of construction and their compsarative cost
estimates are presented hereinafter. These cost estimates Include
only the principal wall items. Common ltems to any wall type such
as the relief gates, access bridge, utility extensions, inner
deflector wall, dredging and refill are not ineluded. The estimates
are presented for comparison only and would be subject to adjustment
during preparsbion of final design. See the appendix for the break-
down of major items.

38. Steel Sheet Piling. - This type of construction consists of a
single line of steel sheet piling driven to sufficlent depth to
develop support in the exisbing sands and silts, a single wale mem-
ber located near mean sea level, and battered H-piles spaced
uniformly along the wall, connected to the wale member to provide
lateral support.

a. Adventages. - The advantege of this type of wall construe-
tion lies in the fact that & lerge portion of the barrier construc-
tion requires the use of temporary cofferdams and steel sheeting so
that the contractor must be equipped Ffor this type of work and this
might result in lower on-site costs for mobilization and demobliliza-
tion. 1In view of the fact that the canal work must be constructed
first, there would be no saving in terms of possible temporary use
of the sheet piles. Due to the fact the steel sheeting would be
continuous below the canel bobtbom, the possibility of seepage vesult-
ing from unbalanced hydrostatic pressures Would be reduced.

b. Disadventages. - Long steel sheets wlll generally be
required for the entire length of canal wall as a certain minimmm
penetration is required for structural stebility. Driving condi-
tions are expected to be errstic along the length of waell and in
some instances, the minimm required penetrstion may be difficuli
to achieve. This type of construction camnot be permifted in the
vieinity of submarine cables and other submerged utilities. This
would require the use of an alternate type of construction in such
arees. The effective application of protective cosbings would be
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difficult and in some respects wasteful as the very method of
installation would leave the condition of the coating at the
interlocks very doubbtful in terms of the long life expectancy
desired. Because this type of congstruction entails the greatest
amount of steel, it requires the greatest expenditure of money to
provide cathodie proteetion. In the event of future repairs and
replacement, it represents difficult construction problems involv-
ing extraction and redriving of an integral type of structural
system.

¢. Consbtruction Cost. - The construction cost of the steel
sheet gilj_n% scheme for the cooling water canal wall is estimabed
o be 85;": 61.

39. DPrestressed Concrete Sheet Piling. - This type of construction
is similer to the steel sheet plle type except that prestressed con-
erete sheet piling has been substituted for steel sheebt piling.

a., Advantages. - The singuler major advantage of this type
of wall is the reduction of the amount of steel thalt would require
cathodie protection.

b. Disadvanteges. =/The use of long heavy individual pile
units would present some construction difficulties. The objec-
tlons raised regarding tHe steel sheet pille wall type apply equally
well for this alternate. In addition, same serious questions can
be raised regarding the effectiveness of the simple inberlock in
transferring shear. The conbrol of drift during driving would be
much more difficult for this type of unit than a steel sheet using
a high sirength interlock.

c. Construction Cost. - The construction cost of the pre-
stressed concrete sheet plling scheme for the cooling water canal
wall is estimated %o be £886,219~

40. Prestressed Concrete Cylindrical Pipe Piles. - This study
entalled the investigation of & self~sustaining type of wall
construction, wherein a section of large section modulus would be
utilized without added structursl members for lateral support. The
basle section would comsist of a 5h-inch prestressed concrete cylin-
drical pipe pile at 5-foob-6-inch centers with a precast concrete
filler piece. '

a. Advantages. - The major advantages of this type of wall
construction are as follows. As previocusly stated, no wale systems
or batter piles are reguired. The installation requires no under-
weber conneetions. Being constructed entirely of concrete, there
would be no need for any cathodic protection. The application of
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g suitable protective coating should give a long life expectancy.
The thickness of concrete cover could be increased to give added
protection to the prestressing cebles. The menufacture of these
units 1s such that an extremely dense and high sitrength concrete
of uniform quality can be achieved. From an gesthetic point of
view, this type of well would provide a pleaging appearance.

b. Disadventeges. -~ The disadvsntegee of this type of wall
construction are as follows. Installation of these cylindrical
units to the depths required for stability would inveolve consider-
gble jetting, operationsl cleanouts and pre-excavation to achieve
the minimum penetrations. This would result in considerable dis-
turbance of the organic hottom sediments unless confined within
temporary enclosures. Modification of the wall type would be
necessgary in the vicinlty of the submarine cables and other
submerged utilities. Due to heavy and cumbersome nature of the
units, the use of this wall type under ‘the Point Street Bridge
would be extremely difficult unless an alternste wall type were
used In this ares.

c. Construction Cost. ~ The construction cost of the pre-
stressed conerete cylindricel pipe pile scheme for the cooling
water canel wall is estimated to be $1,139,678.

k1. Steel H-pile Soldier Beams and. Timber Panels. - This type of
construction consists of a spaced "soldier’ beam or master vertical
rile fremed to & batiered pile of elevation 0.0 m.s.l. The space
between each soldier H-pile is filled with a creoscted timber panel
which extends into the river bed a sufficient depth to eliminate
seepage under the wall section at times of differential hesad and
to retaln the gramilar refill,

a. Adventages. ~ The adventages of this type of construction
are mumerous. This type of wall system allows the maximum of flex-
ibiliby in svoiding submerged utilitles. The width of the insert
penels cen be varied to suit field conditions after driving of the
soldier and batter units. The soldier and bhatier units can be
deslgned for irregular spacings that mey be regquired to avoid sub-
merged ubtilities. 'This feature is especially helpful in avoiding
the 115,000-volt and 11,000-volt submsrine cables. The total amount
of submerged steel to be protected cathodicelly is reduced. This
type of wall construction is essentislly & veriation of the fivst
type considered in an attempt to overcome some of the disadventages
and employ some less expensive materiels. It 1s based on employing
a spaced "soldier" beam or master vertical pile with a babter pile
to resist horizontal loads. The space between each load-resistbing
unit is filled with a creosoted wood panel.. The firgt cost of the
timber panels is low and should require little protection except
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for crecgobing. Should eventual replacement be required, it can be
performed very easily without disrupting the main structurel system.

b. Disadvantages. = The disadvantages of this type of wall
construction are as follows. The driving of the batter and vertical
pile units will regquire rather close tolerance. It is planned to
drive the batter first, spring it up and aside, then drive the ver-
tical pile, scribe the batter, cut it off under water and secure the
specisl connection. This method of installation was dlscussed with
marine contractors and proven feasible. However, alternate methods
of instellation are possible and final choice will be left to the
contractorts option.

¢, Construction Qost. - The construction cost of the steel
H-pile soldier beam and timber panel scheme for the cooling water
cansl wall is estimated to be $648,080. This estimate has been
developed in g reater detail sinee it is the adopted method of
congtruction.

k2. Selected Type of Comstruction. - In studying the relative
advanteges and disadventages of the four basic types of construce
tlon; the steel H-pile soldier beam and timber penel scheme offers
more flexibility in initiel installation and future replacement and
is definitely ecompetitive on an economic basis. Accordingly, this
system will be used for the comstruetion of the cooling water canal
wall.,

J. COOLING WATER CANAL WALL, FLAP GATES,
DISCHARGE FLUME EXTENSIONS AND UTILITY
EXTENSTIONS - STRUCTURAL

43, Purpose. ~ This section of the design memorendum presents the
depign criteria, basic date and assumptions used in developlng the
structursl design of the various components of the Cooling Water
Canal. Subsequent parsgraphs present loadings, methods of design
and detalled descriptions of each of the appurtenant structures.

4. Beope. - Hydrostatic loedings, latersl earth pressure criteris,
stability investigetions, design of structural steel, timber and
reinforced concrete sections as well as a statement of the founda-
tion pile design are included herein.

45, Design Cribteris. =

a. General. - All working stresses will conform to ‘those
specified in Engineering Meamual BM 1110-1-2101, "Working Stresses
for Strucbural Design", dated 6 January 1958. Other design criteria
is based on spplicable parts of the Engineering Manual for Civil
Works, Standard Practice for Concrete (Part (XX, October 1953).



‘ . Conerete. « Parsgraph 15b of Design Memorandum No. 10 is
applicable.

¢. Reinforcement. - Paragraph 1l5¢ of DesigrL Memorendum No. 10
is appiicable,

d. Structural Steel. - Structural steel was designed for the
working stresses of ordinary bridge and bullding steel (yield point
33,000 psi minimm), which conforms to the "Specifications for the
Design, Febricetion end FErection of Structural Steel for Bulldings"
issued by the American Institute of Steel Construction. Allowable
working stresses conform to those given in the Engineering Manual
for Civil Works for a basic stress of 20,000 pounds per square inch
except as modified below.

(1) vertical and Battered H-piles of Canal Wall. - The
allowable working stress hes been set at 24,000 psi.

(2) Temporsry Flume Supports. - The alloweble working
stress hes been increased 25 percent to 25,000 psi.

(3) Utility Exbensions and Access Bridge. - These struc-
tures are laterally unsupported end have values of Ld/bt in excess
of 600, The allowable working stresses have been reduced, therefore,
in accordance with the formula:

£s = 12E OOOEOOO

e. Structural Timber. - Structural timber shall be Dovgles
fip, 1,11-50 f No. 1 and shall be designed for the Pollowing working
stresses.

Extreme fiber in bending 11,450 psi

Tension parallel to grain . l , 450 psi
Horizontal shesr 120 psi
Compression perpendicular to gra:!.n 390 psi

Compression parallel to grain 1,200 psi
46, Besic Date and Assumpti‘o'xis.' - |

a. (Controlling elevations (m s.l )

Topofcanalwa.ll I Sl "El. 5.0

‘Centerline of connection of verticel and 'battered H~-piles EL. 0.0
Centerline of lowexr pin of flap gate EL.-5.0

Invert of Manchester St.Sta.No.Discharge Flume ‘Extension ElL.-4.65
Invert of Mesnchester St.Sta.So.Discharge Flume Extension Ei.-2.65
Invert of South St.S8ta.80.Discharge Flume Extension El.-3.15
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'bo Loaﬁ.s. -

(l) Dead Loads. -~ The following unit weights for mater-

1als have been used:

Concrete

Steel

Timber
Grenular refill

Organic silts (lower layer)

Existing sends and silts

150 ibs.per cu.ft.

490 1bs.per cu.ft.

40 1os.per cu.ft.

55 lbs.per eu.ft.(buoyant)
30 1bs.per cu.ft.gbuoya.nt)
55 lbs.per cu.ft.(buoyant)

(2) Live Loads. - The following live loads have been used:

Water (salt)

Wind (hurricane conditions)

Wind (normsl copnditions)

Snow

Design load on catwslk

Design load on access
bridge

64.2 1bs.per cu.ft.
30 lovs.per sq.ft.
20 1bs.per sq.ft.
40 1bs.per sq.ft.
50 1bs.per sq.ft.

50 lbs.per sq.ft.

¢. Externsl Water Pressure. - External water pressure, as
produced by the design differential- head of 2 feet, has been
applied to the cooling water canal well for the full depth of the

timber penels.

Likewlse, external weater pressure has been scecounted

for in the analysis of the box sections of the discharge flume exten~

sions.

. d. Barth Pressure. - Lateral earth pressures applied to the
cooling weter canel well have been determined in accordance with
the sccepted principles of modern soll mechanies,

e. Tce Pressure. - Ice pressure against the cooling water

cangl, structures is not a factor.

f£. Wind Pressure. - Paragraph 16h of Design Memorandum No. 10

"is gpplicable.

& Frost Protection. = Frost action on the cooling wabter censal

structures iz not a factor.

47, Cooling Water Csnal Wall. -

a. Desecription. -

(1) Normsl Treatment. - The cooling water canal wall
generally consists of steel H-plles driven vertiecally at & spacing
of 10 feet on centers with 8-inch thick creosoted timber panels
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placed hebtween the flanges of the H-piles. These timber panels
extend from the top of the wall, elevation 5.0 m.s8.1., to g point

et least 5 feet below the proposed dredge line of the cooling water
canal. The bottoms of the timber panels will be set at the required
elevations by the spplication of wverticel pressure and with the
assistance of Jetting, if necessary. Bach verticael H-plle is braced
by & battered H-plle extending from mean sea level into the storage
basin of the Providence River at a slope in the ratio of one hori-
gontal unit to 1.5 vertlcal units., A single wale member, running
Just above the joint of the verticel and battered H-plles, aligns
and integrates the entire wall system. For details of the cooling
water cansl wall, see Plate Nos. 11~5 through 11-8.

(2) 8pecial Trestment. - Appropriate details and modi-
fications are provided at those polnts where the discharge flume
‘extensions and speclal utility extensions pass through the cooling
water canal wall as well as at the location of the flap gates.
Several alternate methods of construction are also presented for
that portion of the wall that passes over the 115 KV sulmarine
cables of the Narragensett Electric Company, Just north of the
Point Street PBridge. Similar consideration was given to the pres-
ently inactive submarine cables in the vicinity of the Manchesbter
© Street cooling water intske structure.

b. Loadings. - The cooling water cenal wall acts a&s a struc-
tural system at those times when the water levels inside and oube-
side the canal are at differeni elevations. The megnitude of this
hydrostatic differential heead is limited by the system of flap gates.
These gates, which will be discussed in detail in subsequent para-
graphs, are so designed and positioned in the wall that the meximum
heed differential to which the wall may be subjected is 2 feet in
either direection. The cooling weter censl wall acts as a parbtition
diaphragm, separsting the cooling water in the canel from the water
of the Providence River upstream of the barrier. During normel
operating conditions, the cooling water caml wall is, theoretieally,
subjected to no unbalanced lateral forces, except for the small head .
losses within the canal.

¢. Method of Design. - The coolling water canal wall has been
designed as & flexible anchored bulkhead. The applied loads -
i.e. the loads to be resisted, are the laters}! hydrostatic forces
. agelnst the creosoted timber panels and vertical H-piles due to the
design differential head. Resisting these latersl forces are the
vertical H-piles in flexure, which in turn are supported by the
reaction of the battered H-pile at elevatiorn 0.0 m,s.l. and by a
reaction produced by the embedment of the vertical H-plle into the
existing sands and silt.
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The upper surface of the sands end silis generally occurs in
the vicinity of elevation minus 40.0 m.s.l. The vertical H-piles
will be driven through the existing sands and silts and penetiate
the underlying till (elevation minus 70.0 m.s.l. plus or minus)
for an estimated depth of approximstely 2 feet. The reaction of
the $11l ageinst the end of the H-pile together with the passive
resistance of the sands and silte against the leading flange of
the H-pile combine to form a couple which develops a fixed-end
condition (a point of zero angle change) at some point below the
top of the sands and silts. A further assumpiion is mede in
designating the top of the sands and silts as the point of contra-
flexure (point of zero bending moment) in order to render this
theoretically indeterminate structure statically determinate.
From this point the design procedure consisted of computing the
H-pile spacing that will produce a bending moment that cen be
resisted by the H-pille section st alloweble stresses.

do DESign. -

(1) Vertical H-pile. = The maln flexural member is a
1% BP 102 steel H-bearing pile, driven into the till and spaced
gt 10 feet on centers.

(2) Battered H-pile. = This supporting member is a
12 BP Th steel H-bearing pile, extending into the storage basin
at a slope of one horizontal wmit to 1.5 vertical units and driven
into the sands and silts for an embedded length not less than 25
feet for pull-out resistance under reverse loeding. The selection
of this section also considered providing & falrly rugged member to
withstand the driving requirements in view of a considerable unsup-
ported length.

(3) Tinber panels. - The timber panels are 9 feet 9 inches
long, 10 feet b4 inches high and 8 inches thick and are fabriceted by
bolting together 8 pieces of 8-inch by 1l6é-inch nominal timber stock.
Por deteils of the fabricated unit, see Flate 11-9. The entire penel
unlt is creosoted as a protective measure egainst decay above wabey
and possible attacks of marine borers below water.

, (k) Wales. - The wale is a 12 WF 53 rolled section snd
is located just sbove the connection of the vertical and battered
piles. As stated previously, its function is to align and integrate
the entire system of the cooling water cenal wall. An additional
function of the wale mewber is to provide & contimious electrical
conductor throughout the entire cooling weter canel well Ffor the
impressed current system of cathodic system discussed hereinafier.

e. Comnection between Vertical and Battered H-piles. = High
strength bolte have been employed in this conmection detall .as an
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aid in eliminating any aligmment irregularities induced by the
driving process. For complete debails of this commection, see
Plate 11-8. An alternate welded connection will be permitted.

k8. TFlep Gates., -

8. @eneral. - A complete statement of the hydraulic design
of the cooling water canal sppeers in Section E “"Hydraulies" of
this Design Memorandum. An importent corollary of this hydraulic
study is the fact that under normel operating procedures as well
as under conditions of hurricane denger, if there were no gates
in the cooling canal wall there could occur, for periods of vary-
ing dureation, substantial differences between the water levels
inside and outside the cooling water canal. The maximum possible
differential head was determined as belng in the order of 8 feetb.
Preliminery studies of the cooling webter canal wall based on a
differential head of 8 feet produced a design that could not be
Justifled from an econamie standpoint. After a thorough and com-
plete review of this problem from a hydraulic end operstional
sbandpoint, it was decided to limit the differential head to
2 feet in either direction by the inbtroduction of flap gates into
the cooling water canel wall.

b. $Size. = From hydraulic considerations, it was determined
that four gates, each having an opening of epproximately T2 square
feet, shouwld be provided for each direction for differentisl head
relief. Accordingly, eight gates, each having openings 6 feet
wide and 12 feet high, will be ingtalled; four to provide relief
from high water in the upstream storege basin portion of the Prov.
idence River, and four to provide relief from high water in the
cooling watexr canal.

¢. Location. ~ As previously noted for hydrsulic and other
requirements, 1t was decided that the opbimm location for the
bank of flap gates should be near the center of the cooling water
canal. Accordingly, when the horizontal alignment of the cooling
water canel wall was developed, a 90-foot tangent was provided just
south of the Point Street Bridge. With H-pile spacings of 10 feet
on centers, this alignment provides nine spaces of 10 feet each.
The northerly four spaces will accommodate the bank of gates thet
will open into the cooling waber canal. They are so located in
order to be as far removed as possible from the large volumes of
hot water being discharged from Manchester Street Station. The
southerly four spaces will accommodabte the bank of gates that will
open into the storage basin from the cooling water canal. A single
space of normel wasll construction will separste the two banks of
flap gates.
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d. QOperation. - As stated previously, the function of the
flap gates is to limit The differentisl hydrostatic head to which
the cocling water cenal wall mey be subjected. Each bank of four
flap gates will be counterweighted such that they will begin to
open gt a differential head of one foot. The 2.0-foobt head differ-
ential for which the cooling water caral well hes been designed,
provides for the operating range of differential head.

(1) Satisfactory operation of the individusl gate depends
upon the weight of the gate and its counbterweights remaining constant
ab all times. This can only be assured if the gate is totally sub-
merged under all conditions of tidal veristions. For this reason,
the lower hinge of all the gates has been set at elevation minus
5.0 m.s.1.

e. Febrication. = The actuel gate that has been presented in
this Design Memorandum for use in the cooling water cansl wall has
been developed through consultsation with e mamfacturer of merine
gates and machinery. The gate itself is & 6-inch thick timber
panel composed of 6~inch by 12-inch stock, bolted and keyed together
in muich the same manner as the creogoted timber panels of the cool-
ing water cansl wall. In a closed position, the gate will seat
against a timber frame which is bolted to a struectural steel frame,
The steel frame is so febricated that the gate, when closed, is
inclined from the vertical toward the direction of flow. As
previously noted, the final design of the getes will be based on
the results of model tests.

- (1) Hinge Detail. - The hinge detail of the flap gate
incorporates & 2-pinned 1ink" which insures complete closure of
the flsp gates against the timber frame in the event of slight
irregularities or uneven swelling in the gate or its frame. The
hinges are bholted to a horizontal steel member which in turn ig
bolted to the flanges of the wvertical H-piles. For tentative
details of the flap gate aesseubly see Plate 11-10.

(2) H-pile Alignment. - Satisfactory operation of the
cooling waber canal and the structurel integrity of the cooling
water canasl wall require that the figp gates function properly.
Like any mechanism, these gates must be installed properly if they
sre to function as plamned. Sinee the eight flap gates are placed
between and supported by ten verticel H-piles, it is imperative
that these H-plles be aligned with more precision than would ordin-
arily be necessary. Therefore, to facilitate installation of the
flap gates, special driving technigues should be employed in placing
these ten H-piles in order to Insure greater than normal precision
in vertical and horizomtal aligrment.
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f. Catwalk and Accese Bridge. - To provide for occasional
maintenance and operation drills of the flap gates, a 3-Toot wide
ecatwalk structure has been provided along the 90-foot length of
cooling weter cenal wall that accommodates the gates. Connecting
this catwalk to the Narregansett Hlectrie Company shore property
is an access bridge spanning approximetely 95 feet across the cool-
ing water cansl. For the location and details of the cabwelk and
access bridge see Plgtes 11-10 and 11-]11. An alternate study was
nede of providing the sccess from the Point Street Bridge along the
top of the cooling water canal wall, bub this was found less desir-
able from an operational standpoint.

49. Alternate Wall Construction in Vieinibty of Submarine Csbles. -

a. General. - A bank of eight high voliage submarine cables
extends across the Providence River Jjust north of the Point Street
Bridge. These cables are referred to as "115 KV Submerine Cables"
in this and other sections of this Design Memorandum. These cables
are the property of the Narragansett Electric Company and are cone-
sidered by them as being of prime importance to their operations.
Accordingly, the installation of the cooling water cansl wall in
the area requires special attention.

b. Alternate Treatment of Cooling Water Canal Wall. -~ The
proposed cooling water canal well passes directly over the submerine
cables spproximately 90 feet north of the Polnt Street Bridge. The
exact location of these submarine cebles is not known. It is entire-
ly poseible thet the proposed normal method of construction of the
cooling water canal wall will not be adapteble in this area once the
exact loeation of the cables is determined by field diver survey.
Anticipating this possibility, an alternative method of construction
for the cooling water cansl has been developed. For a presentation
of this aliternative method see Plgbte 11-0.

¢. TIoner Deflector Wall. - As previously stated in other
sections of this Design Memorandum, the irregular horizontsl align-
ment of the cooling water canel in the vieinity of the Point Street
Bridge is due to the necessity of avoiding the 115 KV submarine
cables which ayre present in this grea. The width of the cooling
water canal in this area, as determined by hydraulic criterias,
extends from the cooling water cansl wall to Pier No. 2. The area
between Pier No. 2 and the west asbubment is not considered part of
the cooling weter canal. Tt is considered unwise and potentially
dengerous to the submerine cables to attempt an excavation snd refill
operation in this area. Nevertheless, unless some means 1s made
available to isolate this area, it would, in fact, become part of
the canal system. The existing organic silts would then be disturbed
by the cenal flow and thereby conteminate the cooling water being
provided the South Street Station.
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(1) Tn order to interrupt free canal flow through this
sensitive area, a baffle called the "Inner Deflector Well" will
be constructed along the south fescle of the Point Street Bridge
between the west sbutment and Pier No. 2. The construction of the
inner well will be idenbtical 40 that of the cooling water canal wall
except that the battered H-pile will be eliminated. This is poszible
because of the gbsence of any differential hydrostatic head. The
immer deflector waell is, in effect, a simple cantilever whose support
is provided by the embedment of the verticsel H-pile.

(2) At Pier No. 2 the immer wall will incorporate special
details to effect an adequate closure. Likewire, at the west abub-
ment, appropriete detalls will be employed to close the wall and
deflect the discharge of the west sbutment storm sewer into the
cooling water canal. AL this location, one opening in the deck of
the Point Street Bridge will be required to install one pile thab
will accommodabe the angle change in the inner deflector wall snd
allow e positive rebturn into the west sbutment. This closure is
esgentlal in order to chammelize any flow from the aforementioned
storm sewer from under the Poink Street Bridge. For complete dee
tails of the Deflector Wall, see Plate 119, !

50. Discharge Flume Extensions. -

8. {eneral. - Setisfactory operation of the generating sta-
tions of the Narrsgansett Electric Company requires that the hot
water presently belng discharged into the Providence River from
three existing flumes termineting at the shoreline be extended
across the proposed cooling wabter canal and discharged into the
upper basin portion of the river. Of These three flumes, two dis«
charge hot water from generating units located in the Mesnchester
Street Station, and one discharges hot water from a similar unit
located 1in the South Street Station. The second unit for the South
Street Station is located north of the texminus of the cooling canal
and therefore need not be considered for extension.

b. Description. -~ The three discherge flume extensions are
all similar in design and method of construction. All three are
proposed to be constructed "in the dry" in dewsbered cofferdsms.
They differ only in the specific details required by the varied
conditions encountered at the existing flumes. Basically, the
discharge flume extensions congiet of the following:

(1) a reinforced concrete box flexural section which
acts as the flume extension.

(2) An inboard and outboard pile casp which support the
flume extension.
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(3) 8pecific details and construction to effect a con-
nection with the existing flume.

Each flume extension will be considered separstely in subseguent
paragrephs.

¢. Loading. - The discharge flume extensions are basically
simple beam structuree spanning from inboard pile cap to ocuthoerd
pile caps. The normal design loed is, therefore, the weight of the
flune itself plus a full complement of discharge water. In addition,
gtrength is provided sgeinst the occurrence of horizontel loadings
produced by hydraunlic surges within the eooling wabter cansl. The
possibility of buoyant instability is theoretically lmpossible due
to the position of the flap gates.

d. Poundgtion Piles. - The supporting foundetion piles for
the discharge flume extensions are proposed as concretbe-filled
cylindrical heevy walled pipe piles that will be driven open-ended.
Due to the space limitetions in the construction ares and the need
for battered piles, the selection of this type of plle over the
H-pile, was considered advantasgeous becanse of orientation require-
ments. Furthemnore, the piles within the canal influence the canal
hydrauiics and the circular section provides better flow charascterw
isties. An alternsbive would be to utilize steel H-piles that would
subsequently be encased in conerete. The design load on these piles
is based on g 60-ton load during construction.

e. Manchester Street Station - North Discharge Flume Extension.

(L) General. - This flume releases all the hot water
effluent from generating unit No. 11 and part of the flow from
generating unit No. 9. The actual discharge, while not exactly
known, 1s estimated to be approximately 260 cfs. From the aveil-
able record drewings, which are falrly complete, it is apperent
that the existing flume consists of & timber roof and side walls
and an Iinvert mat of plain concrete. Photographs of this flume (see
Plate 11-31) indicates that the exposed portion of this flume ig in
8 seriously deteriorated condition. A complete evaluation of the
present condition of this flume by field survey would only be pos-
gible if the generating units can be terminated a sufficient time
to permit such a field investigation.

(2) Proposed Construction. = To satisfy the flow requlre-
ments, it is proposed that a diacharge flume extension of the type
previously described in this section and having a 6~foot 9-inch
square opening be provided at this location. To minimize downbime
during the construction of this flume extension, & temporary timbexr

conduit, located between the two Manchester Street Station discharges,
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has bheen employed as a by=pass. This device reguires a minimm of
downtime for generating unit Nos. 9 and 11l during construction. The
flume extension will span approximately 62 feet across the cooling
water canal. Due to coperating requirements, the Narragasnsett Elec-
tric Compeny has requested that of the two discherge flumes at
Menchester Street Station, the north discharge flume extension be
constructed first. In conjunction with this construction, see Plates
11-21. through 11-23.

f. Manchestér Street Station - South Discharge Flume Extension. -

(1) General. - This flume releases all the hot water
effluent from generating unit No. 10 and part of the flow from
generating unit No. 2. The actusl discharge, while not exactly
known, is estimated to be approximately 240 efs. Although the
available record drawings of the existing flume are incomplete and,
at times, conbradietory, it is apparent that the existing discharge
is a reinforced concrete chamber that has been added Lo whal was
once & combingtion inteke and discharge unit. A complete field sur-
vey would again be required in order to accurately determine existe
ing conditions and this would entail & stoppage of the gppropriate
power generaiting units,

: (2) Proposed Construction. - To satisfy the flow require-
.ments »: 1% is proposed that a discharge flume extension of the type
previously deseribed and having a 5-foot 6-inch square opening be
provided at this location. This flume extension will span approx-
:Lme:bely 60 feet scross the cooling water cansl. Due to operating
requirements, the Narragansett Electrie Compsny has requested that
construction of this flume extension be delayed until completion of
the Manchester Street Station - north discharge flume extension.

In conjunction with this construction, see Plates 11-18 through 11-~20.

g- South Street Station - South Discherge Flume Extension. -

(1) Generel. - The exisbting south flume releases the hot
water effluent from genersting unit No. 7. The actuel discharge is
approximately 150 efs. The existing discharge flume is located sbout
90 feet north of the Point Street Bridge. As noted previously, the
cooling water canal well at this loestion passes over the 115 KV
submarine cables of the Narregansett Electric Company. If the exist-
ing flume were extended across the cooling water canel at this point
1t would be of excessive length and would involve additional pile
driving in the viecinity of the submarine cables. Therefore, in
view of these two undesirable conditions, it was deemed advisable
to reloecate the south discharge flume extension to a point approxi-
mately 135 feet north of the existing discharge. The avallaeble
record drewings of this area are detailed and complete and gilve an
excellent deseription of existing construction.



(2) Proposed Construction. - To satisfy the flow require-
ments, it is proposed that a discharge flume exbension of the type
previously described and having a 6=foot square opening be provided
at this location. This flume extension will span approximetely 50
feet across the cooling water cansl. In conjunction with this con-~
struction, see Plates 11-24 through 11-26.

51. Utility Extensiong. =

a. @General. - Preliminary investigations incorporating a
photographic survey indiceted approximately 18 separate pipes and
flumes discharging liquid effiuents into the ares that would be
enclosed by the proposed cooling weabter canal. Of this number,
four have heen found to be capable of discharging objectionable
effluents into the river. In view of the objectionsble nature of
the effluents of these four pipes i1t has been deemed necessaxry to
- extend them across the proposed cooling weter canal. Two of the
fouk existing discharges, because of their proximity, cen be com-
bined into one extension, thus making a totel of three ubility
extensions. B -

b. Deseription. - The three utility extensions are all similay
in design and method of construction. Each extension consists of
the required size cagst-iron pipe supported by and tied to & fabri-
cated steel beam. The steel beam consisis of two standard WF-secw
tions separsted by trensverse disphregms and stiffened laterally by
channel sections. The complete beam and pipe assembly is supported
by a special spandrel beem at the cooling water canal wall and by a
reinforeced concrete pile cap adjacent to the existing shoreline.

Yor detalls and design of the three utility extensions, see FPlates
11-27 through 11-29.

¢. Loadings. - The utllity extensions are basically simple
hean structures spamning from inbosrd pile cap to cooling water
cangl wall. The normal design load is, therefore, the weight of
the pipe and beam assembly plus a full complement of discharge
liguid. In addition to these grevity loads, strength and resistance
to defleetion must be provided against the possibility of horizontal
loedings produced by hydresulic surges within the cooling wabter canal.

d. Foundetion Piles. - Twelve-ineh dismeter trested timber
plles of 15-ton design load cepacity will be used for the irboaxd
pile caps of the proposed utility extensions. These piles will be
driven to the required bearing cepacity in the granmuler materlals
underlying the organic silts.
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Bagic Data. -

(1)

(2)

Utility Extension No. 1. -

Source of discharge:

Existing conduit:

Tnvert elevation of
existing conduit:

Proposed extension
conduit:
Approximate span of

extension:

Utility Extension No. 2. ~

Source of discharge:

Exigting conduits:

Invert elevations of
existing conduits:

Proposed extension
conduit:

Approximete span of
extension:

b

Manchester Street Station
Nos. 7 and 8 fuel oil tanks

l12-inch cast-iron pipe
El. 5.3 m.s.l.

12-inch flanged casi-~iron
pipe

90 feet

Manchester Streel Station
Fly-ash washer and Nuveyor
discharge; and screen wash
pump discharge

12-inch cast-iron plpe and

14-inch cast-iron pipe
respectively

El. 4.8 m.s.1. and El:
4.6 m.s.l. respectively

20-inch flanged cast-iron
pilpe

90 feet



(3) Utility Extension No. 3. -

Source of discharge: South Street Station

Sereen wash pump discharge
Existing conduit: 18-inch by 12-inch timber box
Invert elevation of
existing conduit: El. 6.1 m.s.1.
Proposed extension
conduit: 18-inch flanged cast-iron

. pipe

Approximate span of
extension: 60 feet

K. CORROSION PROTECTION

52, Deseription and Requirements. - As a psrt of the overall study
for the coocling water canal wall, an investigation was made oOf the
river and bottom material conditions in the Providence River in the
viecinity of the cooling water canal based upon Govermment-furnished
chemical analyses of the river water and botiom sediments. The
purpose of this study was to evaluate the existing conditions in
determining requirements for cathodic protection for exposed steel
construction and protective coatings for steel and other materials
contemplated for use in the permanent construction.

53. Chapscterigtics of River Water. -~ Pertinent characteristics of
the river water are that it is ocean water diluted to & small extent
and contains a comsiderable gquentity of organic matter in the form
of sewage. The condition of the river is such that the organic silt
which comprises the uppermost strata of the existing river bottom

is in the process of an ansercble decomposition producing hydrogen
sulfide. Chloride contents ranging between 10,500 ppm to 16,800 ppm
and summer water temperatures of 60 degrees F. to 80 degrees F. have
been reported. The water pH ranges from 7 to 8.3. TFor complete data
on chemical and bacteriological characteristics and veloeity and
tempersture varistions refer to Design Memorandum No. 13 "Cooling
Water and Corrosion Considerations“.

a. A dilubted ocean water is more corrosive than ocean water.
This occuxs as a result of the dilution of the ocean water's
natural inhibiting action. Where #rganic wastes sre present,
organisms can thrive which meanufacture s corrosive enviromment for
steel. A study of the conditions in the area of the cooling water
canal wall indicate a corrosion rate in the order of 5 to 50 mils
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rer year on submerged steel. This corrosion may be decreased to a
low value depending on economic considerations based upon the degree
of protection desired.

54. Protective (oatings. - Since brackish water is an excellent
electrolyte, the presence of mill scale on any submerged metal can
lead to the formation of galvenic cells with subsequent development
of locslized pitting. Accordingly, any steel piling to be used for
the proposed cooling water canal well construction is To be sande
blasted to remove mill scale. In addition to this preliminary
preperstion, protective cosatings will be used. The selection of
recommended coabing is limited due to the construction conditions
under which the installstion will be mede and the environment of
the installation. No coating can be guaranteed to stand up for the
30-year period esteblished as the basis of estimating maintenance
costs on this installation. However, an excellent coating for use
on the steel piles is the coal tar epoxy resin type of coasting now
available. As an alternate, consideration can be given to the use
of a vinyl red-lead costing or the use of & 2-part liguid rubber
compound. which cures to a durable, tough, flexible coating which
hes been used in mexrine applications ineluding naval vessels. A
well-proven protective coating consisting of three separate appli-
cations is also recommended. After surface preparation, an initial
cogting of insoluble zinc silicate is applied. A second coating
consisting of a special synthetic resin is then applied as a primer,.
The final or third application of a dielectric vinyl coating com~
pletes the total coating. A great deal of consideration should
also be given to coating the sbove-water portions of the steel
piles which will be subject to the action of salt spray snd atmos-
- pheric corrosion. A metallic coabing such as sprayed aluminum or
zine can be utilized for the sbovewwaber areas. This design is
based on the use of the coal tar epoxy resin below wabter and a
sprayed aluminum for the above water portions. ‘

a. Life Expectancy of Coatings. - In estimating maintenance
costs for this installation for any fixed period of time, the eval-
vetion of a 1life expectancy for any protective coabing becomes an
extremely diffienlt determinstion., This is due prineipally to the
fact that the present river conditions will become changed by the
construction of the barrier and the water within the cooling wabter
canal will be chemically ard biologically different from the water
within the Providence River upstream of the berrier. It is antici-
pated that there will be an incpease in salinity within the cooling
water cansl and probably & decrease in salinity in the still basin
portion of the Providence River hack of the barrier. In addition,
the temperature of the water within the cooling water canal will be
lower than the tempersture within the still basgin portion of the
river due to the extension of the soollng weter discharge flumes
through the canal wall so that they will empty directly into the
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river. The excavation of the sulfide-besring organic silt from
within the cooling water cansl will further alier corrosion condi-
tions on the canal side of the wall. Accordingly it is virtually
Iimpossible to accurately predict life expectsncies for the various
protective coatings as there are too many veriebles which will
influence service life.

55. Cathodic Protection. - Sinee corrosion rather than sbrasion
1s the matier of principal concern and since the basic determine
ations indicate that the Providenee River water can be expected to
be more aggressive than sea water, there will be installed in addi-
tion to the protective coatings a cathodic protection system to
provide additional protection to the submerged siteel portions of
the proposed cooling waber canal wall. This requirement is based
on the fact that once the cooling canel. wall is in place, replace-
ment of protective coatings below water will be virtually impos-
sible and replacement of the entire instellation within say a
30=year period of time will far exceed the first cost and masinten=-
ance cost of a properly designed and installed cathodic system.

a. Types of Cethodic Proteetion. ~ Two basic types of
cathodic protection systems were considered for each of the prin-
cipal wall types involving steel that were investigated in the
special study that preceded thiz design memorandum. In studying
the problem it was concluded that anodes should be placed on both
sides of the wall to probect both sides. The preliminery investie
gations for both the galvanic type and impressed current type of
cathodie systems for the soldier beam H-pile wall clearly indicated
that the impressed current system of cathodle protection would
prove to be the most economicsl based on both initisl cost and
nmaintenance and replacement costs for a 30-year period of time.

The cost of power for the impressed current system was assumed to
remein constant for this period in preparing the cost comparisons.
The preliminsry cost estimates for the two cathodic systems were
based upon spproximate costs of cathodic protection from past
experience with similar situations. Adjustments of estimated costs
were made as fer as possible to suil the particulsr conditions at
the cooling cansl wall area. The preparabion of these cost estie
mates were made in conjuncetion with nationelly prominent corrosion
consultants. It should be borne in mind that these preliminery
estimates exe approximate only and asre baged on limited investiga-
tions and without benefit of complete field surveys, tests, detailed
plans or specificabtions. The esbinmates submitted, however, will
cover a well-designed, properly installed and operating system
having the life expectancy of the 30-yesr period.




b. Cost of Cathodle Protection. =

Galvanic Impressed Current

Tnitisl Cost $1.6,000.00 Totel Cost¥ $33,250.00

Life T.5 years Life o 30 years

Annual Cost $ 2,133.00 Anrusl. Cost $ 1,108.00

' Anmmal Povwer Costh¥* 530.00

Total Anngal Cost. . 1,633.00

Total 30-year Total 30-year Cost $49,140.00
Cost $63,990.00

* Installation and replecement reguired.
*¥% Based on 1.8 cents per KWH

c. Adopted Type of Cathodic Proteetion. -« The foregoing
annual cosbs are arrived at by assuming straight line deprecisation,
neglecting capital costs, for the period of life expectancy. Based
on the foregoing estimated costs, the impressed current type of
cathodic protection system for the steel portion of the wall con~
struction will he instelled. The 30=year costs represent a very
modest investment in terms of the total cost of the canal wall
installation and there is little doubt as to the englneering need
for this additionsl protection. If any of the previcusly mentioned
organic type coatinge are utilized, the voltage of the impressed
current type of cathodie system should be limited to low values of
gbout 1.2 to 1.5 volts maxdimum to prevent dameging the coating
application. ‘

L. MARINE BORER ACTIVITY

56. Description and Requirements. - Since the recammended type of
cooling canal wall construction requires the use of a considersble.
area of wood, a separate study was made to obtain data on merine
borer activity in the portion of the Providence River where the
proposed ecanal wall will be installed. The recent chemical analysis
of the Providence River wabter does nobt indicate a favorasble environ-
ment for marine borers. However, the removel of the organic sedi-
ments within the cooling wabter canal and the intake of tleener tidal
waters into the canal dovmstresm of the barrier may well improve the
guality of the water that will be drawn into the cooling cenal. A
decrease in pollution can also be expected with Puture pollution
abatement programs. This can result in a much more favorable fubture
enviromment for marine borers.

57. Activity Tests. = A marine borer activity test board has been
previcusly installed in the Providence River in the loestion of the
Noarragensett Electric Company et Manchester Street. Specific studies
for evidence of activity by Limnoria and Teredo have been made since
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1940%. The only evidence of marine borers since this board has
been instelled has been a trace attack of Limnoria in 1955 and
1958. There has been no evidence of Peredinidse. In view of the
potential increase in marine borer activity, the use of treated
wood is advisable. For waters where borers are or may become a
problem, the Williem F. Clapp Leboratories recommend creosote coal
tar solutions. These preservablves are covered by Federsl specifi-
cation TT-W-556¢ and AWPA-P-2. However, these specifications are
not elways considered adequate for marine instellations. Where
Limnoria are involved, tests have shown that a more permanent
preservative can usually be obtained by the use of TO/ 30 creosote
eoal ter solubtions. The minimum specific gravities will be ralsed
from 1.025 to 1.030 and from 1.085 to 1.100 to provide the protecw
tion needed and reduce adulteration with less effective materials.

58. Preservative. ~ The durability of marine timber depends chiefly
on two factors - the degree of penetration end the retention of the
preservative. The penetration should be uniform and complete. Even
in the agbsence of borers, deterioration of inadequalely treated
timber can be expected above the water line. The most commonly used
specifications for treatment of marine piles are AWPA-C-3 and Federal
gpecification TTL-W-5Tle. These are generally satisfaciory; however,
it is recommended that the timber psanels to be used for the cooling
cangl. wall installatlon require rejection of all timber in any given
charge if more than 10 percent of the timbers show inadequate pene-
tration.

* Twelfth Progress Report on Marine Borer
Activity in Test Boards operated during
1958. Compiled by Dorothy Brown Wellour.
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